Abstract Restoration of swallowing in a patient with dysphagia due to nondilatable corrosive stricture of esophagus remains a surgical challenge. Organs available for replacement are stomach, jejunum, or colon. Jejunum is useful to replace a small segment, whereas stomach and colon are required for a long-segment replacement. In cases where the stomach is also injured, colon remains the only option. The route of colonic interposition has also been a subject of debate over the years. Antesternal, retrosternal, or esophageal bed passage are the routes described. In the present series, the data of antesternal colonic interposition (ACI) performed for nondilatable benign esophageal strictures in 32 patients have been retrospectively analyzed. The results indicate that ACI for corrosive strictures is a quick and simple procedure. Thoracotomy is avoided and anastomosis is easily performed in the neck, and mortality rate due to anastomotic failure or graft failure is diminished. This retrospective analysis discusses the ease, effectiveness, quality of life, morbidity, and mortality of ACI and compares the pros and cons of ACI with other procedures described in the literature.
Introduction
Inability to swallow following a corrosive stricture of the esophagus is one of the most distressing symptoms that patients experience. Treatment of these benign esophageal strictures following corrosive ingestion has remained a challenge. The treatment options include dilatations (blind, retrograde endless string, and endoscopic) or creating a new passage (replacement). While endoscopic dilatations are meant for patients with short-length strictures, long or multiple strictures require surgical intervention in some form or the other in the long run. Among the jejunal interposition, use of gastric or reversed gastric tube and colonic interposition, the result of the use of colon as the organ for replacement has been found to be satisfactory in most studies [1] [2] [3] [4] . Controversy exists as to the route of colonic graft placement -antesternal, retrosternal, and esophageal bed. The aim of this retrospective analysis was to study the results of antesternal placement of the colon as replacement passage in patients with benign corrosive esophageal strictures not amenable to conservative dilatations and compare the merits and demerits with other routes of graft placement.
Material and Results
Data of all the patients who underwent antesternal colonic interposition (ACI) for nondilatable corrosive strictures of the esophagus between 1988 and 2011 were retrieved and reviewed. The data included the following factors:
1. Age and sex 2. Mode of corrosive injury 3. Corrosive agent responsible 4. Morphology of strictures 5. Perioperative management 6. Morbidity and mortality 7. Functional assessment-subjective and objective Because the data included patients since 1988, pre-and postoperative management differed considerably over the years with advances in the field of surgery including nutrition but the surgical management did not change.
The results were tabulated and analyzed. The merits and demerits of ACI in our series were compared with literature with particular reference to the patients treated with retrosternal and esophageal bed routes.
Results
Data from 32 patients who underwent antesternal subcutaneous colonic transposition for nondilatable corrosive injuries of esophagus from 1988 to 2011 were reviewed. There were 20 males and 12 females ranging from 16 to 50 years (mean of 18 years). The mode and the nature of corrosive injury are listed in Tables 1 and 2 .
Of the 32 patients, 21 patients were primary presentations of which 5 were acute. The acute injuries were subjected to the standard protocol management of corrosive injury of esophagus and stomach. They were subjected to feeding jejunostomy for the enteral nutrition. Definitive surgery was deferred for 3-4 months.
Patients with chronic injuries (n016) were often in a state of poor hydration and nutrition. They were treated with hydration and feeding jejunostomy in the preparenteral nutrition era (n06) and now with total parenteral nutrition (n010) to build up their general condition before surgical intervention.
Eleven patients were referred to us. The patients at the time of referral had previous surgical intervention in the form of feeding gastrostomy (n06), feeding jejunostomy (n02), posterior gastrojejunostomy for pyloric stenosis (n02), and anterior gastrojejunostomy for pyloric stenosis (n01). The patients with feeding tubes were given enteral nutrition, while other patients were given parenteral nutrition.
Fourteen patients had long continuous stricture, and 18 had multiple strictures. None of these patients had associated pharyngeal involvement, and 16 had associated pyloric stenosis. In 3 patients of concurrent pyloric stenosis, gastrojejunostomy was already performed earlier. In the rest 13 patients, in addition to ACI, a posterior gastrojejunostomy was added.
Surgical Technique
The surgical technique of choice was a long, antiperistaltic colon interposition based on middle colic vessels. The colon was transected at hepatic flexure at one point and at the junction of descending colon and sigmoid colon at the other. In one case the middle colic artery was not well formed and the graft taken was isoperistaltic, and it was based on the ascending branch of the left colic artery. A subcutaneous antesternal tunnel was created with help of sharp and blunt dissection.
The proximal neck dissection was done, and the esophagus was dissected, looped, and transected for proximal anastomosis. We do not remove the entire native esophagus as it adds to additional morbidity in the form of bleeding and development of mediastinitis. It has been very well described in the literature that the long-term incidence of development of carcinoma in the remnant esophagus is low and that has been seen in all the follow-up cases of this study. The latent period for development of carcinoma on an average is 40 years after the injury [5] [6] [7] . The distal end of the transected esophagus in the neck was sutured closed with continuous suture.
The colonic segment was then delivered through antesternal space and positioned snugly avoiding any tension, twisting, or redundancy. The proximal esophagocolonic anastomosis was performed in the cervical region using hand suturing single-layer technique using 3-"0" delayed absorbable suture. The distal cologastric anastomosis was performed on the anterior wall of stomach, close to antrum. In cases where the patient had gastric outlet obstruction, distal continuity of alimentary tract was reestablished by posterior gastrojejunostomy (n013).
The ascending colon was anastomosed to the sigmoid colon to complete the procedure. Feeding jejunostomy was performed in all the cases for immediate postoperative enteral feeding. The diseased esophageal segment was not resected and maintained in continuity with stomach in all our cases.
Morbidity and Mortality
The results of morbidity are shown in Table 3 .
All cases of cervical salivary fistula were treated conservatively and closed spontaneously over an average period of 15 days. Of these, two cases developed anastomotic strictures in the neck which responded to dilatations. One patient developed intestinal obstruction due to a kink at the site of feeding jejunostomy that required surgical intervention.
One patient had a redundant colon which formed a "C"-loop in the abdomen, resulting in stasis of food in this pouch with significant symptoms of regurgitation. This patient was reoperated and the most dependent part of the colon was anastomosed to a loop of jejunum.
Another patient had poor alimentary function due to impediment to progression of food bolus. The antiperistaltic loop was hyperactive and it led to persistent regurgitation. The contrast studies and upper endoscopy through the graft revealed no organic obstruction. He was treated conservatively and his nutrition was maintained through the feeding jejunostomy. The symptoms of regurgitation, nausea, and epigastric discomfort continued but tapered after 6 months and the patient improved thereafter.
We never experienced a case of necrosis of graft. Follow-up CT scan was done in 5 patients. It showed that the remnant esophagus in thorax was unremarkable, and it showed no evidence of mucocele formation or malignant transformation.
Operative mortality included 30-day mortality as well as any later death that occurred during initial postoperative hospital stay. There was no operative mortality. One patient who was operated for suicidal esophageal nitric acid injury attempted a repeat suicide 10 years later and died following ingestion of nitric acid, which caused perforation of the colon and stomach with severe hemorrhage.
Functional Assessment
Twenty-eight patients had been followed up regularly since surgery (4 months to 241 months). The patients followed up were interviewed for presence of foregut symptoms according to standard questionnaires similar to that given by Collard et al. [8] to patients who had undergone gastric interposition. The questions were as follows:
1. Do you have dysphagia? 2. How many meals are you able to take per day?
3. Are you disturbed after eating food (e.g., palpitations, sweating, early fullness or pain, regular regurgitation, and heart burn)? 4. Are you satisfied with weight gain after surgery? 5. Can you rate your current alimentary comfort if your condition before you began having esophageal problem was rated as 10 points?
Finally, the patient's alimentary function was graded as good if the patient could eat without gastrointestinal symptoms, fair if the patient complained occasionally of at least one of the major disabling symptoms (dysphagia, regurgitation, or vomiting), and poor if the patient had more frequent complaints. Alimentary function was good in 80 % of the patients (n022), fair in 14 % (n04), and was poor in 6 % (n02).
Discussion
Corrosive esophageal injury is one of the most disastrous calamities that can occur to human race. It requires early recognition and treatment for lower morbidity and mortality. While most injuries are accidental in children, many in the adult group are due to suicidal or even homicidal causes. In the present review concerning only an adult group, the incidence of suicidal attempt was 69 %. With better management protocols available today, endoscopic or conservative dilatations to maintain an adequate lumen of the esophagus is possible [9] . The incidence of complications such as perforation has been reported to be low after endoscopic dilatations [10] , but Erdogan and Lew warn a significant increase in mortality if perforation has to occur [11, 12] . Requiring frequent admissions and anesthesia, endoscopic dilatations have been reported to have a high incidence (48 %) of recurrent stricture formation by Ogunleye et al. [13] .
Surgery offers a one-time solution to a chronic problem of stricture-related symptoms. The timing of surgery is controversial. While reported best 6 months after initial injury [14] , interval of 2-3 months was reported to be adequate by Munoz-Bongrand et al. [15] . In our study, the mean timing of intervention was 4 months.
Surgical restoration of swallowing in a patient with dysphagia due to nondilatable corrosive stricture of esophagus is a surgical challenge. Technique of bypassing the esophagus was first described by Roux [16] who used jejunum. Nowadays, jejunum is rarely used as vascular insufficiency can easily occur in situation of slight tension on anastomosis due to the size of supply vessels. Also, jejunal mucosa is not immune to acid of the stomach. Use of stomach was reported in the form of a nonreversed or reversed gastric tube made from the greater curvature [17] . Possibly a longer expected lifetime after surgery for corrosive strictures, inability to create a long tube due to concomitant corrosive injury to stomach, coexisting pyloric affections, and previous surgery on the stomach (gastrojejunostomy) have deterred surgeons using the stomach tube as the organ of choice for replacement in corrosive strictures of the esophagus. Also, reflux, ulcerations, anastomotic narrowing, and propulsive dysfunction seem to be the major problems in the long term if gastric tube is used [4] . In our series, though only 28 % patients had previous surgery on the stomach, it was always our protocol to use the colon based on middle colic artery as the conduit for replacement. Kelling [18] and Vulliet [19] were one of the first few to suggest the use of colon as an alternate to esophagus. The major advantage of using colon for esophageal replacement is that a greater length of the viscus is available. The mobilization of colon is easy and acid regurgitation with anastomotic ulceration or stricture formation rarely occurs in colon [1, 2] . The issue of selection of route on interposition of the colon is controversial. Three approaches-esophageal bed approach after esophagectomy, the retrosternal tunnel, and antesternal which we propose-are described.
The esophageal bed approach requires significant mediastinal dissection for colon interposition often with a thoracotomy. Periesophageal inflammation and consequent fibrosis and adhesions can make dissection difficult, resulting in bleeding, inadequate space, and resultant morbidity [20] . Complications such as mucocele and malignancy [20] in nonresected esophagus are rare. These have not been seen often in literature [20] and support our data that leaving behind esophagus at the expense of reduced morbidity and mortality is justified.
The retrosternal approach is technically very demanding and involves removing left half of the manubrium, medial end of the first rib and sternal head of left clavicle to increase the size of thoracic inlet. This at times requires an extrapleural dissection. All these factors contribute to increase chances of pneumothorax and postoperative respiratory complications [21] . A series of 38 children who underwent esophageal replacement at Children's Hospital of Philadelphia showed that leakage rate was significantly higher among patients with retrosternally placed grafts. The high incidence of anastomotic leakage associated with retrosternal graft was possibly because of long length of vascular pedicle, tension on cervical anastomosis, and possibly arterial obstruction or venous congestion at thoracic inlet [22] .
The antesternal reconstruction without esophagectomy is relatively easier, quicker, and does not require a thoracotomy (Fig. 1) . The dissection is minimal when compared to other two routes. Necrosis of the graft, anastomotic leaks in the neck, delayed stricture, redundancy issues with the graft, and alimentary dysfunction are morbidities common to all these three routes of colonic interposition.
Huguier et al. [23] compared the mortality in 117 patients undergoing colonic interposition by all three routes. The mortality rate was 20.5 % for antesternal, 25 % for retrosternal, and 50 % for esophageal bed placement. The high mortality rate reported in this series was because of intrathoracic leakage of anastomosis leading to mediastinitis and pyopneumothorax. This shows that antesternal placement of esophagus is a much safer procedure than other routes used. The disadvantage of this route is the cosmesis, but over a period as patients start putting up weight the graft gets hidden behind the bulk of subcutaneous fat and it has not been a matter of concern for the patients in this study. However, recent studies on colon interposition report a much lower rate of mortality [5] . This is possibly due to betterment in investigative technology, antibiotics, and intensive care management. We have not experienced any postoperative mortality in our series of 32 cases though one patient died late due to resuicidal attempt.
In a collective series of 2,067 patients [24] , studied by Postlethwait, the most prominent cause of death was necrosis of colon, which occurred in about 8 % of patients.
As shown in our series, ACI with antiperistaltic transplant in the neck without esophagectomy seems to be a safe procedure. The advantages of this procedure are obvious. It is simple, dissection is minimal as compared to other routes, and it is quicker. Thoracotomy is avoided and risks of pneumothorax are minimal. Necrosis of the graft if it happens is picked up early and corrective surgery can be done at the earliest. The mortality rate due to esophageal anastomotic failure, which is the main cause of death in patients with intra-abdominal or intrathoracic anastomosis, is reduced [25] .
In the collected series of 2,067 surgeries, studied by Postlethwait [24] , 77.4 % had good swallowing function, 15.6 % had acceptable results (fair), and only 7 % had poor results. These results are comparable with our experience. In this study alimentary function was good in 80 % of the cases (n025), it was fair in 14 % of the cases (n05), and it was poor in 6 % of the cases (n02).
Huguier et al. [23] reported that leakage of anastomosis in the neck was the most frequent nonfatal complication and was estimated to occur in as many as 25 % of patients. In our group, 6 patients (18 %) developed temporary cervical salivary fistula, which healed spontaneously. These results are comparable with the literature. Majority of cervical leaks resolve with conservative management, as was also the case in our series.
Conclusion
Antesternal colonic transposition graft for esophageal corrosive stricture is a safe, and effective method of restoring esophageal continuity with fewer days of hospital stay, especially in a developed country like us where functional outcome of a procedure for a disease gets more weightage than cosmesis (Fig. 2) .
